In the treatment of atrioventricular block, dual-chamber cardiac pacing is thought to confer a clinical benefit as compared with single-chamber ventricular pacing, but the supporting evidence is mainly from retrospective studies. Uncertainty persists regarding the true benefits of dual-chamber pacing, particularly in the elderly, in whom it is used less often than in younger patients.
ardiac pacing is the established treatment for high-grade atrioventricular block, but the appropriate pacing mode remains the subject of debate. 1 Single-chamber ventricular pacing prevents bradycardia and death from ventricular standstill, but dual-chamber pacing better emulates normal cardiac physiology by restoring atrioventricular synchrony and matching the ventricular pacing rate to the sinus rate. As a result, dual-chamber pacing, as compared with single-chamber ventricular pacing, improves hemodynamic function, [2] [3] [4] but the clinical benefit is uncertain.
Nonrandomized studies suggest that dualchamber pacing is associated with a lower incidence of atrial fibrillation, stroke, and heart failure than is single-chamber pacing. 5 There is also evidence of improved survival, but the data are confounded by selection bias, because of the preferential use of dual-chamber pacing in younger patients with fewer coexisting illnesses. 6 Some current guidelines recommend dual-chamber pacing unless atrial fibrillation is present, 7 but the limitations of the supporting data have led to questions about the guidelines 8 and the apparent underuse of dual-chamber pacing, particularly in the elderly. 9, 10 The United Kingdom Pacing and Cardiovascular Events (UKPACE) trial compared the clinical benefits of single-chamber ventricular pacing and dual-chamber pacing in elderly patients with atrioventricular block. 10 The UKPACE trial was a randomized, parallel-group trial conducted in 46 centers in the United Kingdom, representing a wide range of experience among centers and operators. The trial was approved by the North West Multi-Centre Research Ethics Committee and the local research ethics committee for each center. All patients provided written informed consent.
patient selection
Patients were recruited from August 22, 1995, to September 24, 1999. All new pacemaker implantations were registered, and trial eligibility was recorded. Eligible patients were 70 years of age or older and scheduled for their first pacemaker implantations for high-grade (i.e., second-degree or complete) atrioventricular block. Exclusion criteria included chronic established atrial fibrillation, New York Heart Association (NYHA) class IV heart failure, advanced cognitive dysfunction, total immobility, and advanced cancer (life expectancy of less than one year). Patients with persistent atrial fibrillation of less than three months' duration were eligible if they had undergone cardioversion and had normal sinus rhythm at enrollment. data collection, randomization, implantation, and programming Baseline demographic and clinical characteristics of the patients were recorded by physicians, nurses, or cardiac technicians. Patients were randomly assigned, up to 24 hours before the scheduled implantation, to receive either a fixed-rate or rate-adaptive single-chamber ventricular pacing system or a dual-chamber system (with or without sensor-modulated rate adaptation). Within the single-chamber group, assignment to fixed-rate or rateadaptive pacing was randomly determined. Randomization was performed with the use of a 24-hour automated telephone-based system, linked to a computer at the data center, with a dynamic balancing algorithm that stratified patients by center and age (<80 years or ≥80 years). Implantation was performed according to the operator's usual practice.
The use of sensor-based rate adaptation in the dual-chamber group and the programming of variables other than mode were determined by the investigator. Suggested settings for dual-chamber pacemakers were an atrioventricular delay of 150 msec, rate-adaptive atrioventricular shortening to 75 msec, and lower and upper rate limits of 60 beats per minute and 125 beats per minute, respectively. For rate-adaptive single-chamber pacemakers, the suggested lower and upper rate limits were 70 beats per minute and 125 beats per minute, respectively. For fixed-rate single-chamber pacemakers, a rate of 70 beats per minute was suggested. The operators and patients were not blinded to the type of pacing system used or the programming of the system.
end point and outcomes
The primary end point was death from all causes. Prespecified cardiovascular events included atrial fibrillation (defined as an episode, with or without symptoms, lasting 15 minutes or more and verified by electrocardiography), new or significantly worsening heart failure, a composite of stroke, transient ischemic attack, or other thromboembolism, revision of the pacing system, new-onset angina or newly diagnosed ischemic heart disease, and myocardial infarction. Crossover, in the event of suspected intolerance of the pacing mode, was at the discretion of the investigator.
Patients were followed for a minimum of 3 years, with scheduled visits at 1, 4, 10, 16, and 36 months, at which the pacemaker function was assessed and outcome events were recorded. Patients were given a diary in which the details of any medical contacts between their follow-up visits were to be recorded. The identity of enrolled patients was given to the U.K. Office for National Statistics, which provided automatic notification of registered deaths. Mortality data were censored on September 24, 2002. Data for other cardiovascular events were censored at the actual or intended date of the 36month visit. If the visit was missed, outcome data were sought through a review of clinical records or through contact with the patient's family doctor. Deaths and specified cardiovascular events were adjudicated and classified by an independent committee on end points and events, with members unaware of the pacing modes. Deaths were classified as due to cardiovascular or noncardiovascular causes and treated as the result of cardiovascular causes if attributed to old age or if the cause was unclear. Safety was monitored by an independent data-monitoring committee.
statistical analysis
The database was maintained and analyzed by an independent data-management group (Nottingham Clinical Research Group, Nottingham, United Kingdom). The trial was designed to have a power of at least 90 percent to detect a 25 percent reduction in the primary end point, with a target recruitment of 2000 patients. This assumed an annual mortality rate of 8 percent in the single-chamber group, with allowance for a 6 percent crossover from single-chamber to dual-chamber pacing. More deaths were reported than anticipated, giving the study 95 percent power to detect a 25 percent reduction in mortality.
Differences in the proportion of ventricular beats that were paced were compared with the use of the Wilcoxon rank-sum test. Cumulative-event rates were calculated according to the Kaplan-Meier method, 11 and differences between the groups were assessed with the use of the Cox proportionalhazards model, 12 with adjustment for the baseline covariates of age (≤80 years vs. >80 years), sex, and NYHA class (I or II vs. III or IV). Relative risk was calculated after adjustment for age, sex, and NYHA class at baseline and expressed as hazard ratios with 95 percent confidence intervals. The primary analysis was the comparison of single-chamber and dualchamber pacing. A prespecified secondary analysis involved the separate comparisons of fixed-rate and rate-adaptive single-chamber pacing with dualchamber pacing. The impact of baseline covariates on the hazard ratio for the primary end point was assessed with the use of the log-rank test. 13 The incidence of procedural and predischarge complications in the two groups was compared with the use of the chi-square test. All statistical tests were two-tailed. Analysis was performed on the basis of the intention-to-treat principle.
The study was designed by Drs. Toff, Skehan, and Camm and David de Bono in collaboration with the trial steering committee and other participating investigators (see the Appendix) and funded by the Medical Research Council of the United Kingdom. Pacemakers were purchased according to normal practice, but in centers that had previously implanted less than 50 percent dual-chamber pacing systems, additional hardware costs were met by a subsidy from pacemaker manufacturers and suppliers under the terms of an agreement with the International Association of Prosthesis Manufacturers. No pacemaker manufacturer or supplier had any involvement in the study design, data collection, analysis of results, or writing of the manuscript. The manuscript was written by the principal investigators and the first draft reviewed by the trial steering committee and other participating investigators. screening During the recruitment period, 16,375 patients received a first pacemaker implantation at the participating centers. Of these, 5308 (32.4 percent) had high-grade atrioventricular block and were 70 years of age or more. Exclusion criteria were documented in 945 patients, leaving 4363 eligible for the study, of whom 1972 (45.2 percent) were enrolled. The remaining patients were excluded because the patient declined to participate (13.2 percent), because the physician declined (15.0 percent), or for other or unstated reasons (26.6 percent). Forty-nine patients who were enrolled were not included in the registry either because they did not receive a pacemaker or because registry data were missing for the relevant period. The new england journal of medicine treatment assignment
Of 2021 patients enrolled, 1009 were randomly assigned to receive single-chamber pacing and 1012 to receive dual-chamber pacing. In the single-chamber group, 504 were assigned to fixed-rate pacing and 505 to rate-adaptive pacing. Of those assigned to single-chamber pacing, 99.4 percent received a single-chamber system, 0.2 percent received a dual-chamber system, and 0.4 percent received no pacemaker. Of those assigned to dual-chamber pacing, 95.8 percent received a dual-chamber system, 3.6 percent received a single-chamber system, and 0.6 percent received no pacemaker. At hospital discharge, the programmed mode of pacing was documented for 99 percent of the patients enrolled. At least 98.9 percent of those assigned to single-chamber pacing were being paced in a single-chamber mode, and at least 95.2 percent of those assigned to dual-chamber pacing were being paced in a dual-chamber mode. At the final follow-up or at the study end point, at least 96.9 percent of the patients assigned to singlechamber pacing were receiving this type of pacing, and at least 91.7 percent of those assigned to dualchamber pacing were being paced in a dual-chamber mode. At the conclusion of the study, 3.1 percent of patients had crossed over from single-chamber to dual-chamber pacing, primarily because of suspected intolerance of the pacing mode. The extent of ventricular pacing, as assessed from the pacemaker's memory at one month, was recorded for 65 percent of all patients. The median percentage of ventricular beats that were paced was 94 percent in the fixed-rate single-chamber group, 93 percent in the rate-adaptive single-chamber group, and 99 percent in the dual-chamber group. The difference in ventricular paced beats between the single-chamber group and the dual-chamber group was statistically significant (P<0.001), but the difference between fixed-rate and rate-adaptive single-chamber pacing was not (P=0.85).
baseline characteristics
The treatment groups were well balanced with regard to baseline demographic and clinical characteristics ( Table 1 ). The mean age of the patients was 79.9 years; 57 percent were male. The indication for pacing was second-degree atrioventricular block in 26.1 percent of patients and complete atrioventricular block in 73.3 percent. Bradycardia was judged as constant in 61.3 percent of patients and intermittent in 38.2 percent. Eightythree percent of patients were symptomatic.
outcome events
The median follow-up period was 4.6 years for death and 3 years for other cardiovascular events. No patients were lost to follow-up with respect to the primary end point. Figure 1 timates for the risk of the specified cardiovascular events. Table 2 shows event rates and hazard ratios for death from all causes, death from cardiovascular causes, and specified cardiovascular events for the primary comparison of single-chamber pacing with dual-chamber pacing; also shown are the event rates and hazard ratios for the separate comparison of fixed-rate and rate-adaptive single-chamber pacing with dual-chamber pacing.
Mortality
The mean annual rate of death from all causes during the first five years after pacemaker implantation was 7.2 percent in the single-chamber group and 7.4 percent in the dual-chamber group (P=0.56). The mean annual rate of death due to cardiovascular causes was 3.9 percent in the single-chamber group and 4.5 percent in the dualchamber group (P=0.07).
Atrial Fibrillation
There was a higher incidence of atrial fibrillation in the dual-chamber group during the first 18 months after pacemaker implantation but no significant difference in the mean annual event rates at 3 years, which were 3.0 percent in the singlechamber group and 2.8 percent in the dual-chamber group (P=0.74).
Stroke, Transient Ischemic Attack, or Thromboembolism
For the combined outcome of stroke, transient ischemic attack, or thromboembolism, the mean annual event rate was 2.1 percent in the single-chamber group and 1.7 percent in the dual-chamber group (P=0.20). There was a significantly higher event rate with fixed-rate single-chamber pacing (2.5 percent per year) than with dual-chamber pacing (P=0.04), but the event rate in the rate-adaptive single-chamber group (1.7 percent per year) was the same as that in the dual-chamber group (P=0.93).
Heart Failure, Angina, and Myocardial Infarction
There was no significant difference in the mean annual event rate for heart failure, which was 3.2 percent in the single-chamber group and 3.3 percent in the dual-chamber group (P=0.80). Similarly, there was no significant difference between the single-chamber and dual-chamber groups in event rates for new-onset angina or ischemic heart disease or for myocardial infarction.
subgroup analysis
The subgroup analysis showed that the presence or absence of selected baseline characteristics did not affect the influence of the pacing mode on the primary end point (Fig. 3 ).
complications
Procedural complications were more common in the dual-chamber group than in the single-chamber group (7.8 percent vs. 3.5 percent, P<0.001), as were other complications before discharge (10.4 percent vs. 6.1 percent, P<0.001). The need for therapeutic intervention was also more frequent in the dual-chamber group (8.8 percent vs. 5.6 percent, P=0.005), as were complications requiring repeated operation before discharge (4.2 percent vs. 2.5 percent, P=0.04). The differences in complication rates were principally due to problems with the placement or stability of atrial leads.
The key finding from this randomized trial was that in elderly patients with high-grade atrioventricular block, dual-chamber pacing provided no survival advantage over single-chamber pacing. This result contrasts with the findings of nonrandomized studies that suggested there was improved survival with dual-chamber pacing, which probably reflected selection bias. 6, 14 Our trial focused on atrioventricular block in the elderly, but the absence of a survival advantage for dual-chamber pacing is consistent with the results of other trials that included younger patients and those with sinus-node disease. In the Pacemaker Selection in the Elderly (PASE) study, 407 patients 65 years of age or older with sinus-node disease or atrioventricular block were randomly assigned to receive single-chamber ventricular pacing or dual-chamber pacing. 15 The study was not powered to assess mortality, but there was no significant difference in survival or clinical outcomes during the mean follow-up period of 18 months, although the crossover rate from ventricular to dual-chamber pacing was high (26 percent).
In the Canadian Trial of Physiologic Pacing (CTOPP), 2568 patients 18 years of age or older who had sinus-node disease or atrioventricular block were randomly assigned to physiologic (atrial or dual-chamber) pacing or single-chamber ventricular pacing. 16 During the mean follow-up period of three years, there was no significant difference in the rate of death from all causes or in the primary end point of cardiovascular death or stroke. There was an 18 percent reduction in the relative risk of atrial fibrillation with dual-chamber pacing but no significant difference in the rate of hospitalization for heart failure or in the occurrence of stroke. Follow-up extended to a mean of 6.4 years showed a further reduction in the relative risk of atrial fibrillation (20.1 percent) but no other benefit from physiological pacing. 17 The absence of a reduction in atrial fibrillation with dual-chamber pacing in the UKPACE trial contrasts with the findings of the CTOPP trial. This difference may reflect the older age of our patients, in whom any propensity toward atrial fibrillation Blue vertical lines and bars indicate, for each specified subgroup, the hazard ratio for death from all causes and the associated 95 percent confidence intervals (CIs) for single-chamber pacing as compared with dual-chamber pacing. NYHA denotes New York Heart Association, and ACE angiotensin-converting enzyme. 0.5 1.5 might be less readily influenced by pacing mode. Although the CTOPP trial included patients with sinus-node disease, the reduction in atrial fibrillation with physiologic pacing was also seen in the subgroup with atrioventricular block. 18 In the CTOPP trial, the difference in the incidence of atrial fibrillation emerged only at two years. It is possible that with longer follow-up of our patients, a difference might also emerge among them. An interesting feature in our study was the increased early incidence of atrial fibrillation in the dual-chamber group. It is possible that the atrial lead may be arrhythmogenic in the early months after implantation. Alternatively, the capacity of dual-chamber pacemakers to detect high-rate atrial episodes might have led to an earlier recognition of atrial fibrillation. This capability might also increase the overall likelihood that atrial fibrillation will be detected with these systems, potentially masking a benefit of dual-chamber pacing; however, the diagnostic requirement of an electrocardiographically verified episode lasting 15 minutes or longer would be expected to attenuate the effect of such a bias.
Dual-chamber better Single-chamber better
The finding that there was a higher rate of stroke, transient ischemic attack, or thromboembolism with fixed-rate ventricular pacing is intriguing. Conceivably, the lower heart rates associated with fixed-rate pacing might promote atrial stasis, but the finding could be due to the play of chance amid multiple comparisons and should be interpreted with caution. The observation may, however, favor the use of a rate-adaptive system if a single-chamber ventricular pacemaker is used.
Our results, supported by the PASE and CTOPP trials, suggest that the clinical benefits associated with dual-chamber pacing for atrioventricular block have been overestimated. It is perhaps counterintuitive that the hemodynamic advantages of atrioventricular synchrony do not result in greater clinical benefit. One explanation for this may be that intraventricular and interventricular dyssynchrony resulting from stimulation at the right ventricular apex might counteract the benefit of atrioventricular synchrony. 19, 20 This effect might be accentuated by the higher proportion of paced ventricular beats in the dual-chamber group. It is possible that alternative strategies, such as biventricular or septal pacing, might improve hemodynamic function and clinical outcomes. This hypothesis requires testing in clinical trials.
The low crossover rate (3.1 percent) from single-chamber to dual-chamber pacing in our study was similar to that in the CTOPP trial (2.7 percent), suggesting that single-chamber pacing is well tolerated. The higher crossover rate in the PASE study (26 percent), in which randomization to mode of pacing was made by software programming rather than by assignment of hardware, may reflect variation in the incidence of pacemaker syndrome but also highlights the subjective element in the diagnosis of this syndrome.
The choice of pacing mode for elderly patients with high-grade atrioventricular block should be made on an individual basis. Over three years, dualchamber pacing is unlikely to influence mortality or the incidence of cardiovascular events, and single-chamber ventricular pacing should be regarded as an acceptable mode. The occasional need to upgrade to dual-chamber systems because of pacing-mode intolerance must be weighed against the increased risk of complications with dual-chamber implants. In elderly patients, factors other than the mode of pacing are more likely to determine the clinical outcome.
In elderly patients with high-grade atrioventricular block, the mode of pacing has no significant influence on the rate of death from all causes in the first five years after pacemaker implantation. Fixed-rate single-chamber ventricular pacing is associated with an increased risk of stroke, transient ischemic attack, or thromboembolism, but the pacing mode does not otherwise influence the incidence of cardiovascular events in the first three years after pacemaker implantation.
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